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DESCRIPTION 



TITLE OF THE INVENTION 

PRESS FORMING METHOD 



TECHNICAL FIELD 

[0001] The invention relates to a press forming method in which a slide plate is 
maintained to be horizontal during press forming, using a press machine that drives a 
slide plate or a pressing plate by a plurality of drive sources, e.g. servo-motors, to 
press"form. 

BACKGROUND ART 

[0002] A press machine for press-forming a work-piece has a structure which has a fixed 
plate, a slide plate opposite to the fixed plate, a fixed die disposed on the fixed plate and a 
movable die disposed on the shde plate facing the fixed plate to open and close the movable 
die against the fixed die by moving the slide plate relatively to the fixed plate. In a small 
press machine, there is a single drive source provided in a center of a slide plate. Using a 
large sUde plate, the single drive source disposed in a center of the slide plate cannot 
uniformly press the sUde plate. Therefore, using a plurality of drive sources to cause a 
uniform pressing force on a slide plate, each of the plurality of drive sources presses a 
respective engaging portion disposed on the slide plate to form a press plane on the slide 
plate. As the pluraHty of drive sources, there have two, four or six ones, for example, been 
used. 

[0003] When a slide plate is descending against a fixed plate to close a movable die 
against a fixed die and to increase a pressing force, magnitudes of loads working to the 
movable die through a plate to be formed are changing and working positions of the loads 
on the movable die are, also, varying. The variations of the magnitudes and the working 
positions of the loads cause imbalance on load working on the slide plate. A distance firom 
a working position of a load on the sUde plate to a drive source, also, is varied. Then, 
imbalance in load moments acting to the drive sources is caused. 



[0004] When servo-motors are used for drive sources of a press machine, revolutions of 
the servo-motors are delayed by loads working to the drive sources. So, since a drive 
source subjected to a large load is more delayed in proceeding than a drive source subjected 
to a small load, a slide plate is caused to incline relatively to a fixed plate. The inchnation 
of the sUde plate causes a die to incline and often to be injured. When the inclination of 
the sUde plate is small, the die is not injured but may reduce accuracy in press-forming a 
work-piece. 

[0005] As a countermeasure, an inclination of a slide plate has been corrected by 
detecting/ measuring the inclination of the slide plate during a progress of the 
press-forming and adjusting a driving signal supplied to each of the drive sources to reduce 
/ eliminate the inclination of the slide plate. Such a feed-back control can prevent the 
slide plate from incUning during press-forming. 

[0006] However, when a slide plate inclination is prevented during press-forming by the 
feed-back control, a cycle of press forming takes a long time. In a press-forming of a work 
piece, it is usual that a same kind of work-pieces is repeatedly formed to produce a large 
number of work-pieces. If a cycle of press-forming takes a long time, there is a problem 
that a production of a large number of work-pieces takes an extremely long time. 

DISCLOSURE OF THE INVENTION 

[0007] An object of the invention, therefore, is to provide a press-forming method that 
enables press-forming at a high forming speed suitable for mass production, while 
maintaining a slide plate horizontal. 

[0008] The invention has been made on the basis of discovery that a delay of a slide plate 
on the way of press-forming is shown by a function of a load working on the slide plate fi"om 
a work-piece. 

[0009] A press forming method of the invention comprises the steps of- 
providing a press machine comprising 
a fixed plate, 

a sUde plate disposed to face the fixed plate and movable relatively to the fixed 
plate and 



a plurality of drive sources each having a servo-motor for driving the slide plate 
and pressing each of a plurality of engaging portions positioned on the slide plate 
to press horizontally the slide plate, 
measuring a load working on each of the pluraHty of drive sources at each of descending 
displacements of the sUde plate, while the shde plate is displaced to press-form a 
work-piece, 

applying the load at each of the descending displacements and a target speed for 
production forming for one (hereinafter referred to as "reference drive source") of the 
plurality of drive sources at each of the descending displacements to a function that shows 
a delay of a drive source from an instructed displacement in terms of a speed of the drive 
source and a load working on the drive source, thereby calculating a speed (hereinafter 
referred to as "compensation speed") for each of the pluraUty of drive sources to eliminate a 
delay for each of the plurality of drive sources from the reference drive source, 
driving each of the plurality of drive sources at the compensation speed to press-form a 
work-piece in a trial forming, 

measuring a delay of each of the plurality of drive sources during the trial forming, 
until delays of other drive sources from the reference drive source become not more than a 
predetermined value, repeating correction of the compensation speed, the trial forming and 
the measurement of the delay during the trial forming, and 

when the delays of the other drive sources &om the reference drive source become not more 
than the predetermined value, press-forming work-pieces at corrected respective speeds of 
the plurahty of drive sources in a production forming. 

[0010] In the description above, it is desirable that the reference drive source is among 
the plurality of drive sources a drive source on which the smallest load works at each of the 
descending displacements. 

[00 11] In the press-forming method of the invention, it is also desirable that the 
compensation speed (Vn) for a drive source (n) is expressed as Vf + AVn, in which Vf is a 
target speed for the reference drive source and AVn is a speed increment for the reference 
drive source from the target speed (V6 for the compensation speed (Vn) calculated by using 
a function that shows a delay of a drive source in terms of a speed of the drive source (n) 



and a load working on the drive source (n), and that the trial forming is performed by 
driving each of the plurality of drive sources at a speed of Vf + 50 to 90 % of the speed 
increment calculated above. 

[0012] In the press-forming method described above of the invention, a load working on 
each of the plurahty of drive sources may be measured in a trial forming of a work-piece, or 
obtained by simulation. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 is a front view of a press machine which can be used for the invention; 
[0014] FIG. 2 is a plan view showing the press machine shown in FIG. 1 with an upper 
support plate being partially removed; 

[0015] FIG. 3 is a block diagram showing a control system of the press machine which 
can be used for the invention; 

[0016] FIG. 4 is a flow chart showing a press forming method according to an example of 
the invention and 

[0017] FIG. 5 is a graph showing an example of relationship of displacement and delay. 
BEST MODE FOR CARRYING OUT OF THE INVENTION 

[0018] Referring to FIGS. 1 and 2 first, an example of a press machine which can be used 
for the invention will be described. FIG. 1 is a front view of the press machine, and FIG. 2 
is a plan view of the press machine. In FIG. 2, the press machine is shown with an upper 
support plate partially removed. The press machine has a lower support base 10 fixed on 
a floor surface, and has an upper support plate 30 by supporting columns 20 made upright 
on the lower support base. A slide plate 40 capable of reciprocating along the supporting 
columns 20 is provided between the lower support base 10 and the upper support plate 30, 
and a forming space exists between the slide plate and the lower support base. In this 
forming space, a fixed die (lower die) 81 for press-forming is mounted on the lower support 
base, while a movable die (upper die) 82 corresponding to the fixed die is mounted on an 
undersur£ace of the slide plate, and for example, a plate to be formed is placed between 
these dies and press-formed. 



[0019] Four of the combinations of servo-motors and decelerating mechanisms are 
mounted on the upper support plate 30 as drive sources 60a, 60b, 60c and 60d. Drive 
shafts 61a, 61b, 61c and 6 Id that extend in a downward direction &om each of the drive 
sources through through-holes provided in the upper support plate 30 are engaged with 
each of engaging portions 62a, 62b, 62c and 62d on the sUde plate 40. For example, a ball 
screw is attached to each of the drive shafts so as to convert revolution into an up and down 
movement, and the slide plate is moved up and down by revolution of the serve-motors. 
Driving mechanisms are constructed by the drive sources, the drive shafts and the 
engaging portions. 

[0020] It is preferable that these drive sources are positioned so that pushing pressure 
onto the shde plate by a plurality of drive sources 60a, 60b, 60c and 60d horizontally 
presses the slide surface and is distributed uniformly on the slide plate. It is preferable 
that these drive sources generate the pushing pressure of equal magnitude to each other, 
namely, generate equal output force. 

[0021] As is apparent from the plan view of FIG. 2, each of the engaging portions 62a, 
62b, 62c and 62d is provided in a forming area of the forming space. Displacement 
measuring devices 50a, 50b, 50c and 50d are provided near the respective engaging 
portions 62a, 62b, 62c and 62d. As each of the displacement measuring devices 50a, 50b, 
50c and 50d, a device having a magnetic scale 51 provided with magnetic calibration 
markings and a magnetic sensor 52 such as a magnetic head provided to face the magnetic 
scale with a small clearance therebetween can be used. On moving the magnetic sensor 
52 relatively to the fixed magnetic scale 51, its absolute position, displacement speed and 
the like can be measured. Such a displacement measuring device is well known to those 
skilled in the art as a linear magnetic encoder, and therefore, further explanation will be 
omitted. As the displacement measuring device, a device which measures a position by 
light or a sonic wave can be also used. The magnetic scale 51 of each of the displacement 
measuring devices 50a, 50b, 50c and 50d is mounted to a reference plate 70, and the 
magnetic sensors 52 of the displacement measuring devices are supported by supporting 
columns 53 mounted to the respective engaging portions 62a, 62b, 62c and 62d. Here, the 
reference plate 70 is maintained at the same position irrespective of the position of the 



slide plate 40. Therefore, when the slide plate 40 is driven by the drive sources 60a, 60b, 
60c and 60d, displacement of each of the engaging portions can be measured by the 
displacement measuring devices 50a, 50b, 50c and 50d. 

[0022] The reference plate 70 that is provided under the upper support plate 30 with a 
clearance with the upper support plate in FIG. 1, is laid between the supporting columns 
20 and fixed, and has a through-hole 71 having a sufficient clearance with the drive shafts 
at a portion where each of the drive shafts 61a, 61b, 61c and 6 Id is passed, so that any 
deformation of the drive shafts and the slide plate does not influence the reference plate. 
[0023] At each of the engaging portions 62a, 62b, 62c and 62d, there is a load measuring 
device 55a, 55b, 55c and 55d provided between each of the engaging portions and the slide 
plate 40 to measure a load working on the sHde plate at each of the engaging portions. 
[0024] A control system block diagram of the press machine is illustrated in FIG. 3. 
Before press-forming, for example, a name of a product to be formed, speed of each of the 
drive sources and the like are inputted to a control device 92 from an input device 91 in 
advance. The control device 92 has a CPU, to transmit driving signals to the drive 
sources 60a, 60b, 60c and 60d through an interface 94 from the control device 92 to drive 
each of the drive sources and perform press-forming. Displacement signals of the slide 
plate are transmitted to the control device 92 from the displacement measuring devices 
50a, 50b, 50c and 50d. And the load applied on the sUde plate is measured by each of the 
load measuring devices 55a, 55b, 55c and 55d and the data about the load is sent to the 
control device 92, 

[0026] In FIG. 4, a press forming method according to an example of the invention is 
shown by a flow chart. In step 1 of the flow chart, a trial forming of a work-piece is 
performed. During the trial forming, a load appUed on each of the drive sources 60a, 60b, 
60c and 60d engaged to the slide plate 40 is measured to obtain loads at each of descending 
displacements of the slide plate. 

[0026] That is, a driving signal is supplied to each of the drive sources 60a, 60b, 60c and 
60d to rotate the servo-motors and to descend the shde plate 40. When a die starts to 
contact a forming plate to be formed, the loads working on the slide plate are varied to 
make the sUde plate 40 inclined. Descending progresses of the drive sources can be 



monitored by the descending displacements of the slide plate measured by the 
displacement measuring devices 50a, 50b, 50c and 50d provided adjacent to the drive 
sources, and a progress of a drive source that is delayed in progress can be hastened. 
Displacement at a portion of the slide plate at which each of the drive sources is provided is 
made same to make the slide plate horizontal and descended. Repeating these steps, the 
shde plate is descended until the end of the press-forming and then after the press-forming, 
the sUde plate is returned to the original place to complete a cycle of the trial forming. 
[0027] At each of appropriate time periods or each of appropriate displacements during 
the press-forming, or every time when an inclination of the shde plate exceeds a certain 
value or when a load difference exceeds a certain value, descending displacements of the 
slide plate and loads working on each of the drive sources are measured by the load 
measuring devices 55a, 55b, 55c and 55d and the measured data are stored in a memory 
device 93 to prepare a table of displacements with loads in the memory device. Assume 
that, when the shde plate is descended, a movable die contacts a forming plate at 
displacement lo and respective loads working on the drive sources 60a, 60b, 60c and 60d 
are Pai, Pbi, Pci and Pdi when the shde plate reaches displacement lu Further, the 
respective loads become Pa2, Pb2, Pc2 and Pd2 when the slide plate comes to displacement 
And, the respective loads are Pam, Pbm, Pcm and Pdm when the press forming further 
progresses and the slide plate is at displacement Im. The table of these displacements 
with the loads is shown in TABLE 1. 
TABLE 1 
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[0028] The loads working on each of the drive sources change in magnitude of the loads 
and position of the loads like, for example, at displacement li, Pai is the largest and Pdi is 
the smallest, while Pb2 is the largest and Pd2 is the smallest at displacement h. It is 
assumed that Pam < Pdm < Pbm < Pern at displacement Im. 

[0029] In this example, respective loads working on the drive sources are measured in a 
trial forming, but the loads at each of displacements may be obtained by simulation. 
[0030] As shown in FIG. 5, by the loads Pam, Pbm, Pcm and Pdm working on the drive 
sources at displacement Imj the drive source 60c is most delayed in descending 
displacement among the drive sources and the delay is 8c, while the drive source 60a is 
least delayed in descending displacement and the delay is 8a. In FIG. 5, the vertical axis 
is an instructed displacement and the horizontal axis is a delay 8 of actual displacement 
from the instructed displacement of the slide plate near each of the drive sources. At 
instructed displacement Im u there is no relative delay among the drive sources. The 
relative delay becomes largest at Im and returns to zero at Im-hi. Since the load on the drive 
source 60a is smallest among the loads on respective drive sources at displacement Im and 
the delay in descending displacement of the drive source 60a is smallest, the drive source is 
set to a reference drive source. 

[0031] Since the delay 8a is the smallest among the largest delays 8a, 8b, 8c and 8d of the 
drive sources in displacement period oilm i to Im+i, 8a is set to 8min. A target speed of the 
drive source 60a (reference drive source) that the smallest load is applied on in the 
displacement period of Im j to Im+i is set to Vf. The target speed is a speed for a production 
forming of a drive source. In step 2, speeds Vn (n' b, c and d) of each of the drive sources n 
are obtained to equaUze delays of the drive sources with the delay 8min of the drive source 
60a, by using loads Pam, Pbm, Pcm and Pdm working on the drive sources 60a, 60b, 60c and 
60d and the target speed Vf of the drive source 60a. 

[0032] Since a delay 8 of a portion, on which a load P works, from an instructed 
displacement is in general expressed by a fiinction of its speed V and a load P, 8 = f(V, P). 
When the drive source 60a is driven at a speed Vf, a speed Vn of a drive source n that has 
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the same delay 5n as the delay 5min of the drive source 60a is calculated as follows. 
[0033] Namely, Vn (n = b, c, d) is obtained from fCVn, Pmn) = f(Vf, Pam), since 6n • 5min = 0. 
[0034] Using speeds of the drive sources obtained, a work-piece is press-formed for trial 
forming in step 3. The speed Vn obtained above for each of the drive sources n may be 
expressed as a sum of a target speed Vf of the reference drive source and a speed increment 
AVn. It is preferable that a speed of each of the drive sources is set to 50 % to 90 % of the 
obtained increment AVn in the trial forming in step 3. This is because the calculated 
speed Vn is reduced since the speed Vn calculated above is applied during the period of 
displacement Im-i to displacement Im-f-u assuming that there is a uniform delay during the 
period. Further more, since a speed increment is obtained by calculation here and there 
might be a risk in applying the calculated speed increment to a real press machine, it is 
better to use a less speed increment than that to avoid the risk. Although a drive source 
of the smallest load is used as the reference drive source in the explanation, another drive 
source may be a reference drive source. When another drive source is used as a reference 
drive source, an increment AVn might be negative and that should be taken care. 
[0035] During the trial forming in step 3, delays of the drive sources are measured and, 
in step 4, the largest value 8n of a delay for each of the drive soiirces n is obtained and the 
smallest value among the largest values is set to 5min. In step 5, the largest delay 5n for 
each of the drive sources n is compared with the smallest value 8min among the largest 
values 8n's and, if the difference between 5n and 5min is more than a predetermined value 
a, the compensation increment AVn used before is corrected in step 6, and steps 3, 4 and 5 
are repeated. Although it is necessary that the value a for comparison of the difference 
between 5n and 5min is such an inclination that dies is not broken (for example, less than 
100 |xm), it is preferable that the criteria is less than 10 [im for increase of accuracy of 
products, specifically about 3 ^im. 

[0036] If the difference between the largest delay 8n for each of the drive sources n and 
the smallest delay value 5min among the largest delays is less than or equal to the 
predetermined value a in the comparison of step 5, the flow goes to step 7 and a production 
forming of a work-piece is performed, using speeds of the drive sources obtained in a 
previous cycle. 



INDUSTRIAL APPLICABILITY 

[0037] When work-pieces are press-formed while the horizontal state of the slide plate is 
maintained by a feedback control, much time is taken for one cycle of the press-forming. 
However, if the production forming is performed by setting the speed of each of the drive 
sources so that the horizontal state of the slide plate can be maintained as in the invention, 
high descending speed of the slide plate can be selected in the production forming, and 
therefore, during press-forming, the forming can be performed at high forming speed 
suitable for production forming while the slide plate is maintained horizontal. 
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